The interferon-induced promyelocytic leukaemia (PML) protein localizes both in the nucleoplasm and in matrixassociated multi-protein complexes known as nuclear bodies (NBs). NBs are disorganized in acute promyelocytic leukaemia or during some viral infections, suggesting that PML NBs could be a part of cellular defense mechanism. Rabies virus, a member of the rhabdoviridae family, replicates in the cytoplasm. Rabies phosphoprotein P and four other amino-terminally truncated products (P2, P3, P4, P5) are all translated from P mRNA. P and P2 are located in the cytoplasm, whereas P3, P4 and P5 are found mostly in the nucleus. Infection with rabies virus reorganized PML NBs. PML NBs became larger and appeared as dense aggregates when analysed by confocal or electron microscopy, respectively. The expression of P sequesters PML in the cytoplasm where both proteins colocalize, whereas that of P3 results in an increase in PML body size, as observed in infected cells. The P and P3 interacted directly in vivo and in vitro with PML. The C-terminal domain of P and the PML RING finger seem to be involved in this binding. Moreover, PML7/7 primary mouse embryonic fibroblasts expressed viral proteins at a higher level and produced 20 times more virus than wild-type cells, suggesting that the absence of all PML isoforms resulted in an increase in rabies virus replication.
Introduction
The PML (promyelocytic leukaemia) gene was originally identified through its fusion with the RARa gene in the t(15;17) translocation found in acute promyelocytic leukaemia (APL) (de The´et al., 1991; Goddard et al., 1991; Kakizuka et al., 1991; Pandolfi et al., 1991) . The PML protein contains several important functional domains, which together form the RBCC motif, a C3HC4 (RING finger) zinc-binding motif, two other cysteine/histidine-rich motifs, the B boxes (B1 and B2), and a-helical coiled-coil region and a nuclear localization signal (NLS). The RBCC motif is important for the localization of PML within the nuclear bodies (NBs) (Chelbi-Alix et al., 1998) . Due to alternative splicing, many PML isoforms are synthesized (reviewed in Jensen et al., 2001) . The functions of PML isoforms are unclear, all contain the N-terminal region comprising the RBCC motif but differ in their C-terminal region.
PML is expressed in the diffuse nuclear fraction of the nucleoplasm and in a discrete sub-nuclear compartment, the nuclear bodies (NBs), the function of which is unknown (Daniel et al., 1993; Dyck et al., 1994; Koken et al., 1994; Weis et al., 1994) . The PML NBs also contain several other proteins such as Sp100, Sp140, CBP, pRB, Daxx, BLM and p53 (reviewed in Negorev and Maul, 2001) . However, PML is responsible for the correct localization of all the other NBassociated proteins, as shown by the fact that they are randomly dispersed in PML7/7 cells (Ishov et al., 1999) . PML, Sp100 and p53 are covalently modified by the small ubiquitin-related modifier (SUMO) (reviewed in Seeler and Dejean, 2001) . The modification of PML by SUMO is critical in maintaining the structure of the NBs (Ishov et al., 1999; Muller et al., 1998) .
The PML promoter contains functional IFNastimulated response elements and IFNg-activation sites Chelbi-Alix et al., 1995) , showing that PML is one of the primary target genes of IFNs. The expression of PML is essential for the ability of IFN to induce programmed cell death (Wang et al., 1998) .
Many studies have shown that during early viral infection, different viral proteins transiently colocalize with PML and Sp100 on NBs before disrupting them (reviewed in Everett, 2001; . Many viruses from different families alter the localization and/or the expression of PML NBs such as HSV-1 Everett et al., 1998) , HCMV (Ahn et al., 1999; Muller and Dejean, 1999) , adenovirus (Carvalho et al., 1995; PuvionDutilleul et al., 1995 PuvionDutilleul et al., , 1999 , EBV (Bell et al., 2000; Szekely et al., 1996) or lymphocytic choriomeningitis virus (LCMV). The LCMV RING finger Z protein binds directly to PML and causes it to move into the cytoplasm (Borden et al., 1998) . These changes may facilitate the infection process.
In contrast, the over-expression of PML isoform III can confer resistance to RNA viruses such as vesicular stomatitis virus (VSV), influenza virus and human foamy virus (HFV) by interfering with viral mRNA and protein synthesis (Chelbi-Alix et al., 1998; ). In the case of HFV, PML physically interacts with the viral transactivator, Tas, inhibits the binding of Tas to HFV LTR and the internal promoter, and consequently reduces Tasstimulated viral transcription . The inhibitory effect of PML places it in the family of IFN-induced proteins that mediate antiviral properties.
Rhabdoviruses, which include rabies virus and VSV, have a linear, non-segmented, single-strand RNA genome of negative polarity (Rose and Whitt, 2001 ). The ribonucleoprotein (RNP) contains the RNA genome tightly encapsidated by the viral nucleoprotein (N) and the RNA polymerase complex which consists of the large protein (L) and its cofactor, the phosphoprotein (P). Both L and P are involved in transcription and replication. A positive-stranded leader RNA and five mRNAs are synthesized during transcription. The replication process yields nucleocapsids containing full-length antisense genome RNA, which in turn serves as a template for the synthesis of sense genome RNA.
Like the VSV P protein, the rabies virus P protein is a non-catalytic cofactor and a regulatory protein: it associates with the L protein in the polymerase complex and interacts with both soluble and genome-associated N proteins. The P protein contains two N protein-binding sites: one located between amino acids 69 and 138 and the other in the carboxyterminal region (Chenik et al., 1994; Jacob et al., 2001) . The major L-binding site resides within the first 19 residues of P (Chenik et al., 1998; Jacob et al., 2001 ). The rabies virus P protein is phosphorylated by two kinases: the unique cellular protein kinase, RVPK (rabies virus protein kinase), and protein kinase C (Gupta et al., 2000) . Both kinases phosphorylate specific sites on the P protein, resulting in the formation of different phosphorylated forms of the P protein with different motilities in SDS -PAGE (Gupta et al., 2000) . In addition, four other aminoterminally truncated products (P2, P3, P4 and P5) translated from P mRNA have been found in the purified virus, in infected cells and in cells transfected with a plasmid encoding the complete P protein. These proteins are translated from an internal inframe AUG initiation codon by a leaky scanning mechanism (Chenik et al., 1995) . Whereas P and P2 are located in the cytoplasm, P3, P4 and P5 are found mostly in the nucleus. As the virus cycle takes place in the cytoplasm, this nuclear localization may have an unknown biological effect.
In this study, we tested the effect of the rabies virus on the localization of PML within the NBs and studied the interaction between the viral proteins and PML.
Results

Infection with the rabies virus reorganizes the localization of PML in NBs
We have previously shown that the overexpression of PMLIII confers resistance to VSV infection (ChelbiAlix et al., 1998) . However, neither the localization of PMLIII nor its expression was altered during VSV infection (data not shown). We first tested the effect of PMLIII (CHO cells stably expressing the PMLIII isoform) on rabies viral replication and we have found that the expression of this PML isoform did not significantly confer resistance to rabies virus infection (data not shown). Next, we determined whether infection with the rabies virus alters the localization of PML in NBs. CHO-PMLIII cells were infected or not with rabies virus at a M.O.I. of 1. Two days later, cells were analysed by confocal and electron microscopy. Double-immunofluorescence staining was performed in control and infected cells (Figure 1 , upper panel). Rabies virus antigens were detected using mouse polyclonal anti-P antibodies and were visualized by anti-mouse fluorescein isothiocyanate (FITC). PML was detected with rabbit anti-PML antibodies and visualized by Texas red labelling. This result shows that, compared to control cells ( Figure 1a , upper panel), infection with rabies virus results in an increase in PML body size (Figure 1b, upper panel) . However, the structures appeared normal in their number and distribution. The rabies virus could not have induced IFN synthesis as no IFN activity could be detected in the culture media of infected cells (data not shown).
Electron microscopy analysis revealed striking differences between the structures formed by PML in noninfected and infected cells. In uninfected cells, the PML NBs appeared as empty spheres with an electron light core ( Figure 1a , lower panel) as previously described . Two days postrabies virus infection, PML was found in dense NBs, which were full to overflowing with gold particles (Figure 1b, lower panel) .
Thus, infection with rabies virus led to an increase in PML body size which appeared as dense aggregates when analysed by electron microscopy. However, this PML NBs modification is not correlated with an alteration in PML protein profile since the unmodified and SUMO-modified forms of PML were not altered by rabies virus infection (data not shown).
The P protein retains PML in the cytoplasm
To determine which viral protein is responsible for the changes in the PML NBs, CHO-PML cells were transfected with the rabies virus M, N, L, G or P gene and PML-specific immunofluorescence was analysed by confocal microscopy. The normal punctuate distribution (Figure 2 ). In contrast, the production of P-GFP caused the sequestration of PML in the cytoplasm where both proteins colocalized in yellow dots (Figure 2 ). The retention of PML in the cytoplasm was also observed in cells transfected with P non-fused to GFP (data not shown).
We used co-immunoprecipitation experiments to investigate whether PML and P can interact. CHO and CHO-PML cells were both transfected with a Pexpressing vector. The cells were then lysed and one part was immunoprecipitated with polyclonal anti-PML antibodies and analysed by Western blotting using anti-P antibodies ( Figure 3a , left panel). The other half was immunoprecipitated with anti-P antibodies and analysed by Western blotting using anti-PML antiserum (Figure 3a , right panel). The PML antiserum precipitated P and the P antiserum precipitated PML from fractions derived from cells overexpressing PML and transfected with P. P was not detected in samples from control CHO cells transfected with P and immunoprecipitated with anti-PML antibodies. Likewise, PML was not detected in samples from CHO-PML cells immunoprecipitated with anti-P antibodies (data not shown).
We next analysed the interaction between P and PML in rabies virus-infected cells. CHO-PML cells, uninfected or infected with rabies virus, were lysed, immunoprecipitated with polyclonal anti-PML antibodies and analysed by Western blotting using anti-P antibodies ( Figure 3b ). The PML antiserum precipitated P and P products (P2 and P3) in infected cells demonstrating that P and PML interact in the context of viral infection.
P and P3 proteins bind directly to PML
We have previously shown that the viral P and P2 proteins are located in the cytoplasm, whereas P3 is found mostly in the nucleus (Chenik et al., 1995) . P2 and P3 correspond to PDN19 and PDN52, respectively. Interestingly, we have shown that in cells transfected with P3 (in the context of GFP or not), P3 showed a distinct speckled nuclear localization, which resembles that of PML ( Figure 4a and data not shown). To determine whether P3 dots and PML NBs are colocalized or associated, CHO-PML cells were transfected with a P3-GFP construct. PML was detected using monoclonal anti-PML antibodies followed by Texas red. Analysis by confocal microscopy showed that the expression of P3 protein Figure 4a ). Interestingly, the expression of P3 results in an increase in PML body size, as was seen in infected cells (see Figure 1b , upper panel). In addition, PML7/7 MEF transfected with P3 contained a punctuate pattern of P3 dots, suggesting that P3 did not require PML to form these structures (data not shown). The nature of the nuclear organelles harbouring P3 is still unknown. By use of co-immunoprecipitation studies of cell extracts from CHO or CHO-PML cells transfected with P3, we showed that PML and P3 proteins specifically interact ( Figure 4b ). This interaction was confirmed by immunoprecipitating PML with P and P3 from in vitro transcribed/translated proteins ( Figure 4c ). It was possible to immunoprecipitate both proteins using either anti-P or anti-PML antibodies, strongly suggesting that P and P3 interact directly with PML. As observed in infected cells (Figure 3b ), P products were also immunoprecipitated by anti-PML antibodies (Figure 4c ).
The C-terminal region of P interacts with the PML RING finger
To identify the PML-binding domain in P, different P mutants linked to GFP were generated: PDN52 (P3), (Table 1) . These P-GFP mutants were transfected into CHO-PML cells and immunofluorescence analysis was performed using monoclonal anti-PML antibodies followed by Texas red labelling ( Figure 5a and data not shown). The localization of these P mutants as well as their effects on PML NBs and PML localization are summarized in Table 2 . The N-terminally truncated P mutants PDN82, PDN138, PDN172 and PDN222 were localized in the cytoplasm and in the nucleus, they disrupted the normal punctuate pattern of PML NBs, resulting in larger dots distributed within the nucleus and throughout the cytoplasm (Figure 5a and data not shown).
The C-terminally truncated P mutants PDN138-DC75 and PDN52DC159 were found in the cytoplasm and in the nucleus whereas the PDC75 was expressed mostly in the cytoplasm (Figure 5a ). None of these mutants altered the profile of PML NBs (Figure 5a ), suggesting that the C-terminal region of P is involved in the reorganization of PML NBs. A specific interaction between PDN172 (which contains the Cterminal 125 residues) and PML was confirmed by immunoprecipitating cell extracts from CHO-PML cells transfected with PDN172 (Figure 5b) .
To determine the PML domains implicated in this interaction, co-immunoprecipitation studies were performed after the lysis of cells transfected with P and the five PML mutants: the PML coiled-coil mutant (PMLD216-333), the C-terminal PML mutant (PML Stop 381), two PML RING finger mutants (PML Q59C60 and PML Cys 57,60) and PML 3K (Figure 6 ). The deletion of the coiled-coil domain led to an altered nuclear localization, characterized by a fine intra-nuclear network without speckles. However, the two RING finger PML mutants were characterized by a diffuse nuclear location, the PML Stop 381 mutant was mainly cytoplasmic (Chelbi-Alix et al., 1998) and the PML 3K mutant, that cannot be modified by SUMO-1, was characterized by distinct nuclear dots of PML NBs . The PML RING finger mutants, Q59C60 and Cys 57,60 failed to interact with P ( Figure 6) . Conversely, the PMLD216-333 coiled-coil mutant, the cytoplasmic PML Stop 381, still interacted with the viral protein. Finally, the PML 3K mutant coimmunoprecipitated with P (Figure 6 ), demonstrating that the SUMO-1 modification is not necessary for the PML-P interaction.
The PML RING finger motif, but not its modification by SUMO-1, its coiled-coil domain or its nuclear localization, is required for the interaction between PML and P. Thus, the physical interaction between P and PML requires the C-terminal region of P and the RING finger motif of PML.
The absence of all PML isoforms results in the increased rabies viral replication
The expression of PML isoform III used in this study did not significantly confer resistance to rabies virus infection (data not shown). To investigate whether the absence of all PML isoforms increases viral replication, primary WT and PML7/7 MEF were infected with the rabies virus.
Viral production determined by plaque assays indicated that the viral titers were 2610 6 and 10 5 PFU/ml in MEF PML7/7 and in MEF WT respectively, showing a decrease of 20-fold in viral production in the presence of PML. This result was confirmed by Western blot analysis performed from the extracts of these infected cells. Differences in viral protein expression were observed in these two cell lines indicating that more viral proteins are expressed in PML-deficient cells (Figure 7a ). This may lead to the suspicion that the infection of WT MEF with the rabies virus induces IFN secretion, which in turn inhibits viral replication. The presence of IFN in the culture media was assayed by testing the ability of the cell-free medium from rabies virus-infected WT and PML7/7 MEF to induce antiviral activity in mouse L929 cells. The supernatant from each cell line has an IFN titer of below 4 i.u./ml, clearly demonstrating that rabies viral infection does not induce IFN secretion in these cell lines and that viral inhibition in WT MEF expressing PML is not due to IFN production. To determine the rate of inhibition of viral protein expression in WT compared to PML7/7 MEF, the above experiment was repeated. Western blots were developed with a chemiluminescent probe and scanned with a PhosphorImager. The intensities of the bands corresponding to the viral proteins (N, P+P2 and P3) were quantified and their values normalized to an internal standard, the Actin. The amount of viral proteins in PML7/7 MEF was considered to be 100%, the amounts in all other samples are expressed as a percentage of this value (Figure 7b ). WT MEF expressed approximately 80% less viral proteins than PML7/7, suggesting that the presence of all PML isoforms counteracts rabies virus infection.
Discussion
In this study, we have shown by confocal microscopy analysis, that infection with rabies virus led to an an aliquot from CHO-PML cell extracts was analysed for PML expression (Control PML). (c) Immunoprecipitation of PML and P or P3 from transcribed/translated proteins. Expression vectors encoding P (or P3), PML or a mixture of both (PML and P or PML and P3) were in vitro translated in the presence of 35 S methionine using the TNT rabbit coupled reticulocyte lysate system (Promega). Equimolar amounts of labelled proteins were immunoprecipitated with anti-P antibodies or anti-PML antibodies. Bound proteins were analysed on a 13% SDS -PAGE followed by autoradiography Reorganization of PML nuclear bodies by rabies viral infection D Blondel et al increase in PML body size. Electron microscopy analysis confirmed this change and revealed that PML NBs appeared as empty and dense spheres in control and infected cells respectively.
The viral proteins N, M, G and L have no effect on PML NBs, in contrast, P and P3 alter PML NBs localization. The expression of P alone caused the sequestration of PML into the cytoplasm, where both proteins colocalize. The expression of P3 results in an increase of PML body size, as was seen in infected cells. The localization of P3 in PML7/7 MEF did not require PML to form nuclear dots. The nature of the nuclear organelles harbouring P3 is still unknown. We have shown that P and P3 interact directly with PML both in vitro and in vivo. The C-terminal region of P and the RING finger of PML are required for this interaction. The PML RING domain is implicated in hetero-interaction and required for the formation of NBs, for the suppression of transformation and apoptosis (reviewed in Jensen et al., 2001) . PML through this motif interacts with the viral transactivator Tas, leading to the repression of transcription ands inhibition of the human foamy virus replication .
The phosphoprotein P, a cofactor of the viral polymerase, interacts with two viral partners, N and L, to control viral transcription and replication (Chenik et al., 1994 (Chenik et al., , 1998 Jacob et al., 2001) . We have shown that the carboxy-part of P is required for the interaction with PML. Protein sequence analysis failed to find a RING finger or a coiled-coil motif in the C-terminal region of P. This domain is also involved in the interaction with the nucleoprotein N. This finding may explain why PML is not found in the cytoplasm of infected cells, but is present in the cytoplasm of transfected cells expressing the P protein alone. In addition, the nuclear P3 protein, the function of which remains unclear in infected cells and which contains the PML-binding site, may be more available than P to reorganize PML NBs. The mechanism by which P3 is transported from the cytoplasm to the nucleus is unknown as P3 does not contain a nuclear localization signal and no nuclear partner has been identified so far. PML is not a suitable candidate since P3 remains in the nucleus in PML7/7 MEF (data not shown).
In contrast to the rabies virus, VSV has no effect on PML expression or localization in NBs. Interestingly, both viruses share the same genomic organization and are structurally similar and yet respond differently to PML. One major difference between RV and VSV is the presence of two additional smaller amino-terminally truncated products, P2 and P3, in the rabies virus. These products are both translated from the P mRNA. Our results demonstrate that rabies virus P and P3 proteins interact with PML and are responsible for the alteration of PML NBs. This difference may be correlated with the strong divergence of the rhabdovirus phosphoproteins for which no significant sequence similarity is detected in vesiculoviruses or lyssaviruses (Bourhy et al., 1993) . Viruses, which use cellular machinery to replicate, have developed different ways to inhibit the actions of IFNs (reviewed in Goodbourn et al., 2000; Stark et al., 1998) by altering IFN signalling, IFN-induced mediators such as PKR or PML NBs. During early viral infection, different viral proteins transiently colocalize with PML and Sp100 on NBs before disrupting them (reviewed in Everett, 2001; ). The functional consequences of the altered localization of the PML NBs are not known. In particular, it is not clear whether this is a consequence of nuclear reorganization in response to infection or a specific viral strategy to block cellular systems that may hamper viral replication.
The overexpression of PMLIII confers resistance to VSV (Chelbi-Alix et al., 1998) but did not seem to affect rabies virus replication. However, rabies viral production as well as viral proteins expression were higher in primary PML7/7 MEF than in wild-type cells, suggesting that the absence of all PML isoforms and PML NBs results in an increase in rabies virus replication. All PML isoforms contain the RBCC motif but differ in their C-terminal region (Jensen et al., 2001) . PMLIII isoform via its RING motif interacts directly with the rabies P protein, however, its expression did not significantly counteract rabies virus replication. The higher replication in PML7/7 MEF suggest that other PML isoforms could confer resistance to rabies virus infection. This hypothesis is under investigation.
As shown for the rabies virus, LCMV produces more virus in PML7/7 MEF than in WT MEF (Djavani et al., 2001) . Furthermore, it has recently been observed that PML deficiency renders mice 10 times more susceptible to LCMV and VSV infections (Bonilla et al., 2002) . To determine the biological effect of PML on rabies replication, it will be interesting to look at the ability of the rabies virus to cause disease in PMLnegative animals.
Materials and methods
Cell cultures and viruses
Chinese hamster ovary (CHO) and BSR cells, cloned from BHK 21 (baby hamster kidney) were grown at 378C in DMEM supplemented with 10% foetal calf serum (FCS). CHO cells (transfected with the empty vector, or vectors encoding PMLIII or PMLIII mutants) were kept in medium supplemented with 0.5 mg/ml hygromycin (GIBCO). Mouse embryonic fibroblasts (MEF) from wild-type or knockout (PML7/7) mouse embryos (Wang et al., 1998) were propagated in DMEM containing 20% FCS. The CVS strain of rabies virus was propagated and titrated on BSR cells as previously described (Gaudin et al., 1992) .
Antibodies
The mouse polyclonal anti-P antibody has been described previously (Raux et al., 1997) . The anti-N MAb (5D53) has Table 2 The C-terminal region of P alters PML NBs Different P mutants were linked to GFP: PDN52 (P3), PDN82, PDN138, PDN172, PDN222, PDN138DC75, PDN52DC159 and PDC75. These mutants were transfected into CHO-PML cells. An immunofluorescence analysis was performed using monoclonal anti-PML antibodies followed by Texas red labelling. The localization of the P mutants in the cytoplasm (C) or in the nucleus (N) and their effects on PML NBs and the localization of PML are summarized Localization of P mutants Localization Alteration
Fate of PML
Reorganization of PML nuclear bodies by rabies viral infection D Blondel et al been previously characterized (Chenik et al., 1994) . Mouse anti-PML (PG-M3) antibodies were obtained from Santa Cruz. Rabbit anti-PML antibodies (Daniel et al., 1993) or (H-238 from Santa Cruz) were used.
Plasmid constructions encoding viral proteins
pMC.P and pMC.N encoding the wild-type P and N proteins of the CVS strain respectively and a plasmid encoding the G Reorganization of PML nuclear bodies by rabies viral infection D Blondel et al protein have been described previously (Chenik et al., 1994; Gaudin et al., 1999) . A plasmid encoding the wild-type M was constructed by RT -PCR by using two oligonucleotides: MA (GCCAAGCTTACACCACTGATAAAATG) and MB (GCCCTGCAG(Dt)12CAT), which contain the HindIII and PstI restriction sites, respectively. The amplified doublestranded cDNA was digested with HindIII and PstI and inserted into the corresponding cloning sites of the pCDM8 expression vector (Invitrogen) to obtain pMC.M. P-GFP and PDN52-GFP were generated by inserting the P gene and PDN52 (P3) gene respectively into the aminoterminal fusion protein vector (pEGFP-N1; Clontech) inframe with the 5' end of the GFP. The P and PDN52 genes were amplified by using PCR to amplify the wild-type P with the oligonucleotides described in Table 1 . The PCR products were then inserted into the PstI-SacII sites of pEGFP-N. Both P-GFP and PDN52-GFP genes were then transferred to the PstI-NotI sites of pCDNA1 (Invitrogen). PDN82-GFP, PDN138-GFP, PDN172-GFP and PDN222-GFP differed from P-GFP by 276 bp, 444 bp, 546 bp and 696 bp deletions at the 5' terminus of the P gene, respectively. PDC75-GFP differed from the wild-type P gene by a 225 bp deletion at the 3' terminus of the P gene. PDN138DC75-GFP and PDN52-DC159-GFP differed from the P gene by a 444 bp deletion at the 5' terminus and a 225 bp deletion at the 3' terminus, and by a 186 bp deletion at the 5' terminus and a 468 bp deletion at the 3' terminus, respectively. These deletions were created by PCR amplification of the wild-type P protein using the sets of oligonucleotides shown in Table 1 . The amplified doublestranded cDNA corresponding to the deleted P genes was digested by the restriction enzymes described in Table 1 and inserted into pCDNAI.
Construction of expression vectors and cell-line
PML isoform III was used in this study. Stable PML CHO clones and stable coiled-coil PML mutant: PMLD(216-333) were obtained through lipofection (Gibco/BRL) with pSG5 constructs co-transfected with DSP-derived constructs and subsequent hygromycin selection (Chelbi-Alix et al., 1998) . A PML 3K mutant, in which the SUMO-1 sites (in lys 65,160,490) were mutated from K to R on His(NLS)PMLpSG5 , the cytoplasmic PML mutant Stop 381 (Chelbi-Alix et al., 1998) and two RING finger PML mutants: PML Cys 57,60 (Duprez et al., 1999) and PML Q59C60 (Chelbi-Alix et al., 1998) were used for transient transfection.
Cells infection and DNA transfection
Cells were infected with rabies virus (CVS strain) at a multiplicity of infection of 1 to 2. After 1 h of adsorption, the cells were washed with serum-free DMEM and then incubated with DMEM plus 2% FBS at 378C for 24 or 48 h.
Cells were seeded in 6-well plates and transfected with 2 mg of plasmid DNA using the Fugene 6 transfection reagent (Roche), according to the manufacturer's recommendations. Cells were incubated for 48 h at 378C and both infected and transfected cells were prepared for immunoprecipitation, immunofluorescence or Western blot analysis.
Immunoprecipitation assay
Infected or transfected cells were incubated for 30 min at 48C in buffer containing 20 mM Tris-HCl pH 7.4, 1 M NaCl, 5 mM MgCl 2 , 1% Triton, 0.5% DOC and 1 mM PMSF. Figure 5 The C-terminal region of P interacts with PML. (a) Different P mutants linked to GFP: PDN82, PDN138, PDN222, PDN138-DC75, PDN52-DC159 and PDC75 were transfected into CHO-PML cells and immunofluorescence analysis was performed using monoclonal anti-PML antibodies followed by Texas red labelling. (b) PDN172 interacts with PML. CHO and CHO-PML cells were transfected with plasmid encoding PDN172, lysed and one portion was immunoprecipitated with polyclonal anti-PML antibodies. The resulting Western blot was probed with anti-P antibodies (left panel). Equivalent fractions were analysed by Western blotting for PDN172 expression (INPUT). The second portion was immunoprecipitated with anti-P antibodies and the resulting Western blot was probed with anti-PML serum (right panel) PML or PML mutants and P or P mutants were immunoprecipitated in separate experiments. Rabbit anti-PML antibodies (Daniel et al., 1993) or H238 from Santa Cruz) or anti-P antibodies were added and incubated overnight at 48C. Protein G beads (Sigma) were added to supernatants in IB buffer (50 mM Tris-HCl pH 7.4, 150 mM NaCl, 0.5% DOC, 1% Triton, 0.1% SDS and 1 mM EDTA) and mixed for 2 h at 48C. The beads were washed four times with modified IB buffer. The samples were subjected to SDS -PAGE.
Expression vectors encoding P (or P3), PML or a mixture of both vectors were translated in vitro in the presence of 35 S methionine using the TnT rabbit coupled reticulocyte lysate system (Promega). Equimolar amounts of labelled proteins were immunoprecipitated by anti-P or anti-PML antibodies. Binding assays were carried out in the IB buffer. The beads Figure 7 (a) Absence of PML expression in MEF PML7/7 results in the increased expression of viral proteins. WT and PML7/7 MEF were infected for 1 day with rabies virus at a M.O.I. of 1. Twenty mg of protein extract was analysed by Western blotting and revealed by anti-N, anti-P and anti-Actin antibodies. (b) The experiment described in panel A was repeated. Western blots were developed with a chemiluminescent probe and scanned with a PhosphorImager (Bio-rad Fluor S Max). The intensities of the bands corresponding to the viral proteins (N, P+P2 and P3) were scanned and their values normalized to an internal standard, Actin. The amount of viral proteins in PML7/7 cells was considered to be 100%, the amount of protein in the other samples is expressed as a percentage of this value Figure 6 The PML RING domain interacts with P. CHO cells or stably expressing PML or the PML coiled-coil mutant D (216-333) were transfected with P (left panel). CHO cells were co-transfected with P and PML or the PML Stop 381, the RING ringer PML mutants (Q59C60 and Cys 57,60) or PML3K (right panel). Two days later, cells were lysed, immunoprecipitated with anti-PML antibodies and the resulting Western blot was probed with anti-P antibodies. Equivalent fractions were analysed by Western blotting for P expression (INPUT) were washed in the same buffer. Bound proteins were analysed on a 13% SDS -PAGE and subjected to autoradiography.
Immunofluorescence staining and confocal microscopy
Infected or transfected cells were fixed in 4% paraformaldehyde for 15 min at 48C and permeabilized for 5 min with 0.1% Triton X-100 in PBS. They were then prepared for double-immunofluorescence staining and analysed by confocal microscopy. The viral P protein was stained using mouse polyclonal anti-P antibodies at a dilution of 1/1000 and the corresponding anti-mouse IgG antibody conjugated to fluorescein. The PML protein was detected with a rabbit anti-PML antibody at a dilution of 1/400 and the corresponding anti-rabbit IgG antibody conjugated to rhodamine.
Western blot analysis
Cells were washed and re-suspended in PBS, lysed in hot Laemmli sample buffer and boiled for 5 min. About 20 mg of protein was analysed on a 10% SDS -PAGE gel, and transferred onto a nitrocellulose membrane. The proteins were blocked on the membranes with 10% skimmed milk in TBS for 2 h and incubated overnight at 48C with rabbit polyclonal anti-PML (1/3000), monoclonal anti-P, anti-N (1/ 500) or anti-Actin (1/500) antibodies. The blots were then washed extensively in PBS-Tween and incubated for 1 h with the appropriate peroxidase-coupled secondary antibodies (Amersham). All of the blots were revealed by chemoluminescence (ECL, Amersham). If necessary the membranes were re-probed: they were incubated in 0.1 M glycine pH 2.9 for 30 min, washed twice in PBS-Tween and then blocked and incubated as described above. To estimate the apparent molecular mass of the polypeptides, the proteins of interest were compared to pre-stained molecular weight standards (BioRad Laboratories, Richmond, CA, USA).
Electron microscopy
Fixation and embedding: both uninfected and infected CHO-PML cells were fixed for 1 h at 48C with either 4% formaldehyde (Merck, Darmstadt, Germany) in 0.1 M phosphate buffer, pH 7.3, or in 1.6% glutaraldehyde (Taab Lab. Equip. Ltd., Reading, UK) in the same buffer. During fixation, the cells were scraped off of the plastic support and centrifuged. The pellets were dehydrated in increasing concentrations of methanol and embedded in Lowicryl K4M (Chemische Werke Lowi, Waldkraiburg, Germany) at a low temperature. Polymerization was carried out for 5 days at 7308C in the presence of long wavelength UV light (Phillips fluorescent tubes TL 6W). Ultra-thin sections of Lowicryl-embedded material were collected on formvarcarbon-coated gold grids (200 mm mesh size) and stored until use. Immuno-gold detection of PML: grids bearing thin Lowicryl were placed over drops of BSA (5% in PBS) for 2 min to prevent background. They were then floated for 2 h, at room temperature, on drops of affinity purified anti-PML rabbit serum diluted 1/20 in PBS or on normal rabbit serum diluted 1/20 in PBS as a control. After 15 min of washing on three drops of PBS, the grids were incubated for 30 min on drops of a 1/30 dilution of goat anti-rabbit IgG conjugated to 10 nm diameter gold particles (Biocell Research Laboratories, Cardiff, UK) in PBS. After three 5 min passages on drops of PBS, the grids were rapidly rinsed in a jet of distilled water, air dried and stained for 10 min with 5% aqueous uranyl acetate. The grids were observed with a Philips 400 transmission electron microscope, at 80 KV, at 68000 -22 000 magnification.
Abbreviations NBs, nuclear bodies; PML, promyelocytic leukaemia; VSV, vesicular stomatitis virus; M.O.I., multiplicity of infection; IFN, interferon; SUMO, small ubiquitin modifier
